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NASA TT F-11,613 

PROTECTION OF NAVAL ENGINEER PERSONNEL AGAINST HEAT 

1. 

Broussol le ,  P . F a l t o t  and A.Bernardini 

ABSTRACT. Four types of  cool -a i r  v e n t i l a t i o n  s u i t s  were t e s t e d  
i n  terms of a p p l i c a b i l i t y  t o  surface v e s s e l s  a t  t h e  zero 
r a d i a t i o n  l e v e l  and submarines i n  r e g u l a r  duty i n  b o i l e r  and 
engine rooms: t h e  C.E.P.S.M., Remco, CO.MA.SEC. type F and 
F r i g i v e s t .  
and f o r  p r a c t i c a l  use .  Although i n c o n s i s t e n t  t e s t  parameters 
prec lude  f i n a l  eva lua t ion ,  s p e c i f i c  criticisms are o f f e r e d  on 
a l l  sgi ts ,  and advantages and drawbacks are weighed. Precise 
d a t a  are given on t h e  performances and inhe ren t  c h a r a c t e r i s t i c s  
o f  t he  var ious  models: autonomy of movement, comfort t o  wearer, 
sound muff l ing  due t o  back-pack power source ,  e t c .  

They were t e s t e d  f o r  both phys io log ica l  performance 

In t roduc t ion  

Statement of problem. In the  Navy, engineer ing  personnel  may be exposed 
t o  extreme h e a t  environments i n  two p a r t i c u l a r  s i t u a t i o n s  , namely: 

- t h e  zero s t a g e  on s u r f a c e  s t r u c t u r e s ;  and 
- submarine naviga t ion  i n  w a r m  waters.  

1.1. 

The zero  s t a g e  i s  the  p o s i t i o n  taken by a v e s s e l  c ross ing  through an 
atomic cloud;  a l l  ape r tu re s  a r e  sea l ed ,  and v e n t i l a t i o n  with a i r  from t h e  
e x t e r i o r  i s  e i t h e r  s topped o r  considerably reduced. 

The Problem of the  Zero Stage i n  Surface  S t r u c t u r e s  

The r e s u l t  i s  a s teady  inc rease  i n  the  temperature ,  e s p e c i a l l y  i n  t h e  
engine and b o i l e r  rooms. 
more r a p i d  than  t h a t  i n  s t r u c t u r e s  i n  even t h e  h o t t e s t  of c l imates .  

This temperature inc rease  i s  more s u b s t a n t i a l  and 

This i s  why i n  a t r o p i c a l  zone, the dry temperature  inc reases  t o  55" 
i n  t e n  minutes ,  wi th  a hygrometry of SO%, p a r t i a l  water vapor p re s su re  of  
58 mm Hg, and an a i r  movement r a t e  o f  p r a c t i c a l l y  zero.  
unpro tec ted  personnel  exposed t o  it genera l ly  do n o t  las t  longer  than  15 
minutes . 

A t  t h i s  temperature ,  

We may g e t  an i d e a  of t he  importance of  engineer ing personnel  necessary 
t o  main ta in  s e r v i c e  on a squadron e s c o r t  v e s s e l  during the  zero s t a g e ,  t h e  
v e s s e l  ca r ry ing  16 men who must be capable of func t ion ing  f o r  an hour and 
one h a l f :  

- n i n e  men f o r  t h e  two engines;  and 

* Numbers i n  t h e  margin i n d i c a t e  paginat ion i n  the  fo re ign  tex t .  

/37* 
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- seven f o r  t he  two b o i l e r  rooms. 

However, f o r  t e c h n i c a l  reasons the b o i l e r  room i s  n o t  completely pro-  - /38 
t e c t e d  from rad ioac t ive  dus t .  
men on watch a f t e r  t h e  zero s t a g e  and the t h r e e  s e c u r i t y  men handl ing 
decontamination are equa l ly  p ro tec t ed .  

Steps must be taken t o  guarantee t h a t  t h e  seven 

Let us b r i e f l y  examine t h e  a c t i v i t y  o f  engine-room a r t i f i c e r s  and 
s t o k e r s  during the  zero s t a g e :  t h i s  is  a s u r v e i l l a n c e  a c t i v i t y  during which 
they may have t o  move about i n  the  compartment. 
and execute  orders .  

They m u s t  be ab le  t o  h e a r  

1 . 2 .  

The var ious  propuls ion  u n i t s  of a submarine (genera tor  groups,  e l e c t r i c a l  

Problems of t h e  "Power" Compartment of Submarines i n  Warm Waters 

engines and conver te rs )  and t h e i r  a u x i l i a r i e s  produce a s u b s t a n t i a l  amount 
of  h e a t .  

This h e a t  can u l t i m a t e l y  be d i s s ipa t ed  only i n t o  t h e  surrounding water 
through a thermal exchange a t  t h e  submarine's h u l l  l e v e l .  

With exchange balance,  t h e  i n t e r i o r  temperature  s t a b i l i z e s  a t  a va lue  
above t h a t  of  t h e  ocean water .  

The temperature  v a r i a t i o n s  between t h a t  of t he  s e a  water  and t h a t  o f  t h e  
submarine i n t e r i o r  have a mean value o f  28°C f o r  t h e  engine room and a va lue  
o f  8 O C  f o r  t h e  o t h e r  compartments. 

The watch personnel  ( fou r  men) i n  the engine room perform e i g h t  hours  of  
work p e r  day i n  two per iods  of  f o u r  hours each. 

The i r  b a s i c  work i s  observing t h e  instrument pane ls  which show va r ious  
da t a .  Occasional ly ,  they are a l s o  requi red  t o  move s e v e r a l  meters away from 
t h e  pane l .  F ina l ly ,  i n  response t o  an audio-visual  a l e r t  s i g n a l ,  during a 
change i n  t h e  propuls ion o r  naviga t ion ,  t h e  personnel  must perform a s e r i e s  
of a c t i o n s  whose r a p i d i t y  and p r e c i s i o n  have a d i r e c t  bea r ing  on t h e  v e s s e l ' s  
s e c u r i t y .  For an ocean water temperature of  28-30°C, t h e  parameters  f o r  t h e  
thermal environment of t h e  duty s t a t i o n s  are the  following: dry temperature  
56-58"C, r e l a t i v e  hygrometry 28-30%, p a r t i a l  water  vapor p re s su re  35-40 mm Hg, 
and a i r  speed o f  0.30-0.40 m / s ,  whence an e f f e c t i v e  temperature  of  36-37°C. 

These d i f f i c u l t  working condi t ions  are aggravated even more by t h e  f a c t  
t h a t  t h e  res t  area f o r  t h e  personnel shows a thermal environment c l e a r l y  
beyond t h e  comfort zone ( e f f e c t i v e  temperature:  28-30°C). 

This s i t u a t i o n  of discomfort  may l a s t  s e v e r a l  s e a l i n g  weeks, wi th  t h e  
r e s u l t  t h a t  a s t a t e  of  chronic  f a t i g u e  develops , p a r t i c u l a r l y  i n  personnel  
on watch i n  the  engine room. 

Because t h i s  f a t i g u e  decreases  t h e  m i l i t a r y  va lue  of  a v e s s e l ,  research  
f o r  a means of p r o t e c t i n g  t h e  personnel  has  been shown t o  be  ind ispensable .  
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2.  How t o  Resolve t h e  Problem? 

2 .1 .  The I d e a l  Solu t ion  would be Complete Air -condi t ion ing  of  t h e  
Engine Room 

2 . 1 . 1 .  Onboard s u r f a c e  v e s s e l s ,  the machine and b o i l e r  rooms repre-  
s e n t  a s u b s t a n t i a l  volumn (between one q u a r t e r  and one f i f t h  o f  t h e  t o t a l  
cubic  area o f  t h e  v e s s e l ) ,  wi th  t h e  r e s u l t  t h a t  it would b e  necessary t o  
v e n t i l a t e  wi th  a s u b s t a n t i a l  amount o f  ou ts ide  a i r .  However, a t  t h e  zero 
s t a g e  t h e  o u t e r  a i r  i s  contaminated and cannot be used. 
of  a i r  may be taken from ou t s ide  a f t e r  passing it through f i l t e r s  which 
would d e a c t i v a t e  it. 

Only a small amount 

The s o l u t i o n  of  complete v e n t i l a t i o n  o f  t h e  compartment should t h e r e -  
f o r e  be r e j e c t e d .  

2 . 1 . 2 .  Onboard submarines , because of  t he  s u b s t a n t i a l  amount o f  hea t -  
gene ra t ing  equipment c o l l e c t e d  i n t o  a small  a r e a ,  complete condi t ion ing  o f  
t h e  engine room- is  impossible .  
r e q u i r e  an inadmiss ib le  amount of power. 

Simple ca l cu la t ions  shows t h a t  t h i s  would 

2 .2 .  We Therefore  Arr ive a t  the  Solut ion o f  Air-condi t ioning t h e  
Cabins i n  which the  Personnel a r e  Grouped. 

On a squadron e s c o r t  v e s s e l ,  we would t h e r e f o r e  have f o u r  l a r g e  air-  
condi t ioned  cabins ,  each having t h r e e  t o  f i v e  men. 

Such a cabin e x i s t s ,  f o r  example, on t h e  a i rc raf t  carr ier  Foch, t h e  volume 
o f  a i r  necessary  t o  vent i la te  t h e  cabins exceeding present -day  a i r - f i  l t r a t i o n  
c a p a b i l i t i e s .  

On t h e  o t h e r  hand, t h e  i n s t a l l a t i o n  o f  t h e s e  cabins  on v e s s e l s  n o t  
o r i g i n a l l y  having them would g ive  r i s e  t o  s u b s t a n t i a l  problems. 

F i n a l l y ,  t h e  engine personnel  would have t o  leave t h e  room f o r  var ious  
c o n t r o l  d u t i e s ,  and the  problem would not be e n t i r e l y  reso lved .  
way as i n  submarines , t h i s  s o l u t i o n ,  although f e a s i b l e  f o r  large-tonnage 
atomic v e s s e l s ,  i s  excluded i n  conventional submarines wi th  t h e i r  small area. 

In  t h e  same 

2.3. Thereby gradual ly  decreasing t h e  area t o  be a i r - cond i t ioned  from 
t h e  e n t i r e  engine room, by cabin,  we arrive a t  t h e  p o s i t i o n  of having t o  
produce a microcl imate  around each ind iv idua l  , w i t h i n  c e r t a i n  s p e c i a l  
c lo th ing .  

For t h i s  i nd iv idua l  p ro tec t ion ,  we have a v a i l a b l e  fou r  a r t i c l e s  of  
c l o t h i n g  of  two d i f f e r e n t  types : 

a) Three garments us ing  f r e s h - a i r  c i r c u l a t i o n  i n  an open c i r c u i t ;  

1. The C.E.P.S.M. pro to type  s u i t ,  
2. The REMCO pro to type  s u i t  with an a i r - c i r c u l a t i o n  tube ;  and 
3. The type  F CO.MA.SEC su i t .  
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b)  A garment making use of  a closed a i r - c i r c u l a t i o n  system wi th  t h e  
a i r  locked i n  the  garment and pass ing  through a cool ing source ,  namely t h e  - /40 
FRIGIVEST garment. 

We would l i k e  t o  compare t h e s e  garments both from the  p o i n t  of  view 
of  t h e i r  phys io log ica l  performances as well  as from t h e  viewpoint o f  t h e i r  
p r a c t i c a l  use. 

2.3.1. The C.E.P.S.M. Garment 

I t  c o n s i s t s  of a combination s u i t  of f l e x i b l e  rhovyl  f a b r i c  and a 
removable hood with a rhodoid v i s o r .  

The f r e s h  a i r  is  obta ined  by passing t h e  h o t  a i r  w i th in  t h e  compartment 
through an i c e d  water-exchanger through a v e n t i l a t o r .  
t h e  top  o f  t he  hood through a very l i g h t  f l e x i b l e  tube  40 mm i n  diameter.  
The a i r  flow i s  1 m3/mn. 

This f r e s h  a i r  reaches 

The t o t a l  weight f o r  t h e  garment i s  1.500 kg. 

2.3.2. The CO.MA.SEC type  F 

The complete p i e c e  of  equipment conta ins :  

- On one hand, an ou t s ide  combination s u i t  o f  aluminized f a b r i c  and a 
hood which may be lengthened by a cloak which i s  a l s o  aluminized f a b r i c  and 
which p r o t e c t s  the  upper p a r t  of the  body; 

- And on t h e  o t h e r  hand, an i n s i d e  combination s u i t  o f  f i r e p r o o f  f a b r i c  
which carries a network of f l e x i b l e  tubes which d i s t r i b u t e  the  a i r  t o  64 
p o i n t s  over  t he  t runk ,  arms and legs .  

The hood and i n s i d e  combination s u i t  are f e d  through t h e  release o f  
compressed a i r .  

The a i r  flow i n  t h e  under garment and t h e  hood i s  450 l/mn f o r  a garment 
i npu t  f eed  p res su re  of 2 kg/cm2. 

The t ime tab le  consumption is  27 m2 o f  a i r  measured a f t e r  expansion. 

The t o t a l  weight f o r  t h e  equipment i s  5.500 kg. 

2.3.3.  The REMCO Garment 

The REMCO garment i s  a c loak - l ike  garment 7-8th i n s u l a t i n g  f a b r i c  wi th  
a t t ached  hood. 

Under t h e  hood t h e r e  is a second i n f l a t a b l e  hood p ie rced  wi th  small 
ho le s  which assure t h e  d i s t r i b u t i o n  of f r e s h  a i r  t o  the  head and neck l e v e l .  
This a i r  then descends around t h e  length o f  t h e  body and arms t o  the  
e x t r e m i t i e s ,  where it goes out .  The legs are n o t  p ro tec t ed .  
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The cool  a i r  feed  i n  the  hood i s  achieved through a microgenerator  ( a i r  
60% of 

A 
expansion i n  an a i r - c i r c u l a t i o n  tube based on the  Ranque p r i n c i p l e ) .  
t h e  compressed a i r  f e d  i n t o  the  cool ing genera tor  i s  cooled from 50°C. 
"by-pass" permits  mixing p a r t  o f  t h e  a i r  furn ished  with t h e  cool a i r  going 
out  i n  o rde r  t o  inc rease  the  expansion i n  t h e  garment and a d j u s t  t he  tempera- 
t u r e .  

2 . 3 . 4 .  The FRIGIVEST Garment 

The garment i t s e l f  i s  i n  two p a r t s ,  a j a c k e t  wi th  a hood having a rhodoid 
opening, and pan t s .  I t  i s  made o f  aluminized f a b r i c  o r  tempex f a b r i c .  

The hood f i t s  over  a r i g i d  helmet which f a c i l i t a t e s  movement of t h e  head. 

A p l a s t i c  u n i t  a t tached  t o  t h e  man's back by s t r a p s  enc loses  a con ta ine r  
f i l l e d  wi th  a e u t e c t i c  mixture pre-frozen a t  -18°C. A t  t h e  base of t h e  frame, 
a fan blows the  warm a i r  from i n s i d e  t h e  garment, and makes it pass  over  t h e  
con ta ine r  where i t  i s  cooled, i n j e c t s  i t  i n t o  a l a rge - sec t ion  tube on the  end 
of  which t h e r e  is  a l a r g e  p l a s t i c  nozzle which d i s t r i b u t e s  the  cool a i r  over  
t he  ches t .  

To t h e  s i d e  of  t h e  frame a r e  f ixed  cadmium-nickel b a t t e r i e s  which d r i v e  
The weight of the frame with con ta ine r  i s  6.600 kg. t h e  f an  f o r  fou r  hours.  

Although t h e  v e n t i l a t i o n  i s  i n  a closed c i r c u i t ,  t h e  r a t e  o f  C02 has no t  

exceeded 0.8% s t and ing  and 1% s i t t i n g  a t  rest. 
with the  e x t e r i o r  through the  garment's e x t r e m i t i e s ,  through movements of  t h e  
blower. 

In f a c t ,  t h e r e  a r e  exchanges 

3. Tests  i n  Climate Chambers 

The f o u r  garments have been t e s t e d  and compared i n  t h e  s e a l e d  c l imate  
chamber a t  the  C.E.P.S.M. laboratory where the  var ious parameters :  dry tempera- 
t u r e ,  r a d i a n t  temperature ,  and p a r t i a l  water vapor p r e s s u r e ,  may be s e t  and 
regula ted .  

During the  tes ts ,  the  environment reproduced t h e  thermal overload which 
e x i s t s  i n  the  engine rooms of su r face  vesse ls  a t  t he  zero s t a g e  and i n  sub- 
marines pass ing  through warm waters.  

3.1. Physical  Parameters of t he  Environment 

Dry temperature:  55' f 1°C. 
Radiant temperature:  55' f 1 ° C .  
Re la t ive  hygrometry: 28" f 2%. 
Ven t i l a t ion :  below 20 cm/s. 

3.2. Phvs i o  l o e i c a l  Study Method 

The p r o t e c t i o n  o f fe red  by the  garments has been e s t a b l i s h e d  through s tudy 
of  t h e  thermal balances and the  value of t h e  Cra ig  index. 
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1. We s t u d i e d  t h e s e  balances i n  subjec ts  s t and ing  i n  even temperatures ,  
then dressed  i n  each o f  t he  f o u r  garments i n  a high-temperature  chamber, 
through t h e  method o f  f r a c t i o n a l  ca lor imet ry ,  which c o n s i s t s  o f  determining 
the  h e a t  s t o r a g e  according t o  the  mean temperature v a r i a t i o n  i n  the  body. 
The ba lance  i s  c a l c u l a t e d  by the  following equat ion:  . 

B = t n  x Cp x P ,  

where : 

B i s  t h e  c a l o r i c  ba lance  i n  Kcal/h, r e s t o r e d  t o  m2 o f  body s u r f a c e ;  
t m  i s  t h e  change i n  mean body temperature i n  degrees C ;  
Cp i s  t h e  mean s p e c i f i c  hea t  o f  t h e  body i n  Kcal/kg/8"C (0.83);  

P i s  t h e  body weight i n  kilograms. 

The mean body temperature is ca l cu la t ed  by t h e  Burton formula (1 ) :  

t m  = 0.33 t c  + 0.67  t r ,  

where : 

t c  i s  t h e  mean cutaneous temperature;  
t r  is t h e  deep rectal  temperature.  

The mean cutaneous temperature i s  determined through measurement o f  t h e  
temperature  on seven cool p o i n t s  by the  fol lowing c o e f f i c i e n t s  ( 2 ) :  

Back: 0.19, 
Thigh: 0.32, 
Chest:  0.19, 
Cheek: 0.14, 
Forearm: 0.11, 
Palm: 0.05. 

2. The Craig index ( 3 ) ,  an index o f  phys io log ica l  c o n s t r a i n t ,  i s  equal  
t o  : 

Pc 1 Craig = - 100 + t r  + PY 

where : 

P c  i s  the  h e a r t b e a t  a t  t h e  end o f  the  tes t ,  
t r  i s  t h e  change i n  the  r e c t a l  temperature i n  degrees C,  
p i s  the  s u b j e c t ' s  weight l o s s  i n  ki lograms.  
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Experiment a1 Procedure 

We used seven s u b j e c t s ,  mostly doctors and engineers ,  and the  t e s t s  were 
always made a t  the  same hour  of  t h e  day, wel l  between meals,  and a f t e r  two 
hours o f  r e s t  a t  median temperatures.  

We ran  two s e r i e s  of ' t e s t s ,  one i n  the high-temperature chamber and 
t h e  o t h e r  a t  normal temperatures.  

During the  two s e r i e s ,  t he  following measurements were taken:  

- s u b j e c t ' s  weight nude before  and a f t e r  (quant i ty  of water  l o s t ) ,  
- weight of garments be fo re  and a f t e r  (quan t i ty  o f  non-evaporated sweat ) ,  
- h e a r t b e a t  continuous measurement through S i n t r a  cardiotachymeter,  
- c e n t r a l  temperature : continuous measurement o f  deep r e c t a l  tempera- 

t u r e  through the rmis to r  probe, 
- cutaneous temperatures:  continuous measurement through seven cutaneous /43 

the rmis to r s ,  
- measurement of phys ica l  parameters o f  t h e  a i r  by dry-bulb and wet-bulb 

(psychrometer) thermometers and black-bulb thermometer, 
- measurement of t h e  low-pressure a i r  temperature  a t  t he  garment i npu t s  

through c l a s s i c a l  and the rmis to r  thermometry. 
one hour and a h a l f ,  t h e  balances being ca l cu la t ed  during the  las t  60 minutes 
(Figures 19 and 20) .  

The length  o f  each t e s t  was 

Feed t o  t h e  Garments 

C. E. P.  S.M. Garment : 

The exchanger s e t s  t he  a i r  a t  21'C, 66% hygrometry, water  vapor p a r t i a l  
p re s su re  1 2  mm Hg and a flow of  60 m3/h. 
does not  exceed s e v e r a l  cm/H20. 

The p res su re  loss i n  the  garment 

The REMCO Garment: 

The temperature  of t he  compressed a i r  a t  t h e  microgenerator  i s  55' * 1'C 
(ambiant temperature) .  

2 Operating p res su re :  5 kg/cm . 
Tota l  flow a t  t h i s  p re s su re :  24 m /h,  approximately 60% i n  the  garment. 3 

CO.MA.SEC Garment: 

A i r  temperature a t  garment i npu t :  15' f 3'C. The a i r  comes from the  
expansion of a i r  compressed a t  100 k i log rams  wi th  very weak hygrometry. 

2 
Operat ional  p re s s su re :  2 kg/cm . 
Flow a t  t h i s  p re s su re :  27  m3/h. 
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FRIGIVEST Garment: 

Containers  f o r  e u t e c t i c  mixture  frozen a t  -18OC. 
Container  changed every h a l f  hour.  
Sur face  l i fe  of cadmium-nickel b a t t e r y :  f o u r  hours .  

3 . 3 .  I n t e r p r e t a t i o n  o f  Resul t s  

Examination of t h e  r e s u l t s  o f  the  c a l o r i c  balances and the  va lues  of  
t h e  Craig index i n d i c a t e s  t h a t  t h e  garments do n o t  o f f e r  p e r f e c t  p r o t e c t i o n .  

In  fac t ,  i n  these  t e s t s  t h e r e  s t i l l  e x i s t s  a c e r t a i n  degree o f  p u t t i n g  
i n t o  p l ay  of t he  phys io log ica l  mechanisms i n  the  b a t t l e  aga ins t  h e a t .  

S t a t i s t i c a l  comparisons o f  t h e  f r a c t i o n a l  ca lor imet ry  balances B and 
B I - B  are n o t  s i g n i f i c a n t  a t  a s e c u r i t y  threshold  of  P = 0.05. 

The phys io log ica l  p r o t e c t i o n  of t he  var ious  types o f  garments t h e r e f o r e  
/ 44 - seems t o  b e  equiva len t .  However, t h e s e  comparable c a l o r i c  balances are 

obta ined  a t  the  p r i c e  of a v a r i a b l e  sudoral  e l imina t ion .  

S t a t i s t i c a l  comparison of  t he  Crain indexes and t h e  q u a n t i t i e s  of sweat 
e l imina ted  p e r  square  meter and p e r  hour y i e l d  the  fol lowing r e s u l t s :  

Comparison of garments : 

- types C.E.P.S:M.-and FRIGIVEST i s  s i g n i f i c a n t l y  i n  f a v o r  of  t h e  

- types C.E.P.S.M. and REMCO i s  s i g n i f i c a n t l y  i n  f avor  o f  t h e  C.E.P.S.M., 
- types C.E.P.S.M. and CO.MA.SEC i s  n o t  s i g n i f i c a n t ,  
- types FRIGIVEST and REMCO i s  no t  s i g n i f i c a n t ,  
- 

CO.MA.SEC, 
- 

C.E.P.S.M., 

types FRIGIVEST and CO.MA.SEC i s  s i g n i f i c a n t l y  i n  f avor  of  t h e  

types REMCO and CO.MA.SEC i s  s i g n i f i c a n t l y  i n  f avor  o f  t h e  CO.MA.SEC. 

From t h i s  it r e s u l t s  t h a t  under s e l e c t e d  experimental  cond i t ions ,  t h e  
types C.E.P.S.M. and CO.MA.SEC garments o f f e r  t h e  most s u b s t a n t i a l  p r o t e c t i o n .  
Never the less ,  l e t  us b e a r  i n  mind t h a t  the  C.E.P.S.M. garment w a s  f e d  a i r  a t  
a temperature of 2 l o C  and t h e  CO.MA.SEC garment was f ed  a t  a mean temperature  
of  14°C wi th  very dry a i r .  

I t  would be u s e f u l  t o  recompare the two types o f  garments and improve 
t h e  t e c h n i c a l  condi t ions  of  experimentation, which would permit  us t o  lower 
the  f eed  temperature t o  the  C.E.P.S.M. garment. 

On t h e  o t h e r  hand, a very r e c e n t  t echn ica l  modi f ica t ion  on board s u r f a c e  
v e s s e l s  has permi t ted  a drop i n  the  air  temperature  a t  t h e  inpu t  of t h e  
REMCO microgenerator .  This f a c t  would again make t h i s  type o f  garment h ighly  
competi t ive.  

4. Appl ica t ions  of t h e  Study Onboard Vessels 
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4.1. Onboard Submarines 

Economy of power i s  impera t ive ,  f o r  it i s  t h i s  which determines the  r ad ius  
of ac t ion  during deep d ives ,  and the re fo re  i t s  a p p l i c a t i o n .  

In fact ,  recharging b a t t e r i e s  requi res  e i t h e r  nav iga t ion  a t  sno rke l  
depth o r  on t h e  su r face ,  phases during which t h e  submarine i s  d e t e c t a b l e  and 
t h e r e f o r e  vulnerable .  

4.1.1. Balance o f  Energies Necessary f o r  t he  Funct ioning o f  Each Garment 

4 .1 .1 .1 .  C.E.P.S.M. Prototype Garment 

The ambiant a i r  (55"C, 28% hygrometry) taken i n  through a f an  passes  

a v a i l a b l e  on board,  which y i e l d s  approximately 1600 l a r g e  ca lo r i e s /hour  which 
r equ i r e s  t h e  use of a r e f r i g e r a t i n g  i n s t a l l a t i o n  with t h e  power of 800 watts 
p e r  garment. 

over a h e a t  exchanger f e d  through a source of  r e f r i g e r a t e d  g lyco la t ed  water - /45 

The power consumed by t h e  fan and t h e  g lyco la t ed  water pump are r e spec t ive ly  
200 and 100 watts. 

Which amounts t o  a t o t a l  power of  1100 watts p e r  garment. 

4.1.1.2. 

1. The REMCO Prototype Garment: 

Garments Fed Through Low-Pressure Compressed A i r  

The only power t o  be considered is  t h a t  which corresponds t o  compression 
of t h e  ambiant a i r  from 1 b a r  t o  6 b a r s  absolu te .  The flow of a i r  consumed 
being reduced t o  24 m3/h under normal condi t ions and al lowing f o r  an isothermal  
compression ( a t  55"C), t h e  t h e o r e t i c a l  power r equ i r ed  i s  1400 watts p e r  gar -  
ment (without t ak ing  i n t o  cons idera t ion  t h e  y i e l d ) .  

2.  Type F CO.MA.SEC. Garment: 

For a flow o f  27 m2/h, reduced t o  atmospheric p r e s s u r e ,  t h e  f eed  
p res su re  f o r  the  garment i s  3 b a r s  absolu te .  

The i so thermal  compression requi res  a power of 1000 watts p e r  garment. 
This compressed a i r  passes  over  an enchanger a t  55°C a t  which it loses  630 
kca l /h  t o  be reduced t o  a temperature o f  2OoC.  
r e f r i g e r a t i o n  u n i t  which consumes approximately 300 watts. 

This cool ing  r equ i r e s  a 

Which amounts t o  a need f o r  1300 watts power f o r  t h e  CO.MA.SEC type 
garment. 

4 .1 .1 .3 .  FRIGIVEST Garment: 

Each con ta ine r  must be f rozen  a t  -18"C, which r equ i r e s  a power of  1500 
watts p e r  garment. 

9 



Br ie f ly ,  t h e  power consumed by t h e  various garments i s :  

C.E.P.S.M. Prototype:  1100 watts, 
REMCO Prototype : 1400 w a t t s ,  
CO.MA.SEC: 1300 watts, 
FRIGIVEST: 1500 watts. 

These powers a r e  of  t h e  same o rde r ,  al though t h e  C.E.P.S.M. p ro to type  
has a s l i g h t  advantage. 

4 .1 .2 .  Other Fac tors  which Also Affect our Choice 

4.1.2.1. FRIGIVEST Garment. 

I t s  use is excluded on submarines f o r  t h e  fol lowing reasons:  

- during d ives ,  t h e  average amount o f  CO is  1%, with t h e  r e s u l t  t h a t  2 
confinement i n s i d e  the  garment becomes inadmiss ib le ,  

con ta ine r s  would be r equ i r ed  f o r  t h e  four  garments. 
s t o c k p i l e  such a cubic-foot  amount of  containers  a t  t he  expense o f  t h e  supply  
of deep-frozen p rov i s ions  preserved  i n  the co ld-s torage  chambers, 

- f i n a l l y ,  t h e  weight of t he  garment and t h e  encumberment o f  t h e  back 
con ta ine r  make i t s  use  impossible f o r  e ight  hours '  duty p e r  day wi th in  t h e  
narrow c o n s t r a i n t s  of t h e  engine room. 

- t h e  f r eez ing  time f o r  a conta iner  being e i g h t  hours ,  a t o t a l  of 96 - /46 
I t  i s  impossible  t o  

4.1.2.2.  The REMCO and CO.MA.SEC Garments using Low-Pressure Compressed 
A i r  are El iminated f o r  the Following Reasons: 

During d ives ,  t h e  submarine i s  a closed a r e a  which must remain a t  atmos- 
This excludes reducing the  p re s su re  o f  a i r  taken  from v i t a l  p h e r i c  p re s su re .  

compressed-air  supp l i e s  a t  250 b a r s  requi red  by o t h e r  e s s e n t i a l s  f o r  t h e  
submarine's  s e c u r i t y .  

They only p o s s i b l e  s o l u t i o n  is t o  compress the ambiant a i r .  Now t h e  
continuous opera t ion  of  an on-board compressor i s  excluded because of  t he  
n o i s e  produced. The n o i s e  would make the submarine d e t e c t a b l e  and, through 
i t s  masking a f f e c t ,  upse t  t he  submarine's  on-board s o n a r  equipment. 

4.1.2.3.  The Garment being Considered a t  Present  i s  t h e  C.E.P.S.M. 
Pro t o tvDe 

This garment consumes t h e  least energy and i s  t h e r e f o r e  t h e  most s u i t a b l e  
f o r  use on board submarines. 

I t  is  e a s i l y  adaptab le  on a co ld-a i r  exchanger f e d  by r e f r i g e r a t e d  
g l y c o l a t e d  water which a l ready  e x i s t s  i n  t h e  engine room. 

During phys io log ica l  tes ts ,  t he  heat  exchanger was f e d  wi th  water having 
a temperature  of 15OC. 
on-board use ,  and the  garment would c e r t a i n l y  perform b e t t e r  than t h a t .  

This temperature represented  a maximum condi t ion  f o r  
The 
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fac t  t h a t  the  garment i s  very l i g h t  and easy t o  p u t  i n t o  use i s  a s i g n i f i c a n t  
argument i n  i t s  f avor ,  because of the  f a c t  t h a t  i t  must b e  worn e i g h t  hours 
p e r  day over  a pe r iod  of weeks. 

However, t h e  a i r  i n t a k e  i n t o  the  garment a t  t h e  helmet l e v e l  produces a 
masking effect  f o r  t h e  r ecep t ion  of sound s i g n a l s  and conversat ion.  

The men would t h e r e f o r e  have t o  b e  equipped wi th  a l i g h t  an t i -no i se  helmet 
wi th  b u i l t - i n  headphones, t ransmission being made through wire hookups o r  
through magnetic loops,  wi th  improvements p o s s i b l e :  

The n o i s e  l e v e l  i n  t h e  helmet could be lowered by feeding  t h e  garment 
a t  t h e  lumbar l e v e l  and d i v e r t i n g  only one flow o f  a i r  toward t h e  helmet. 
arrangement would a l s o  have t h e  advantage o f  d i s t r i b u t i n g  t h e  f r e s h  a i r  more 
evenly throughout t h e  garment. The b e s t  s o l u t i o n  would b e  t o  d i s t r i b u t e  t h e  
a i r  throughout t he  body area through the  use  o f  a CO.MA.SEC-type v e n t i l a t e d  
sub-garment with a very low energy lo s s .  

This 

4 . 2 .  On Board Surface  Vessels 

The problem is  q u i t e  d i f f e r e n t :  the duty s t a t i o n  f o r  t h e  engine-room 
personnel  a t  t h e  zero s a f e t y  level  is a s i t u a t i o n  which happi ly  i s  very rare  
and does n o t  exceed an hour  and a h a l f .  

In  a d d i t i o n ,  t h e  power economy which i s  impera t ive  on a submarine poses 
less s e r i o u s  problems on su r face  vessels, where t h e  energy which w i l l  be  
consumed through v e n t i l a t i n g  the garment arrangement w i l l  b e  n e g l i g i b l e  w i t h  
r e spec t  t o  t h e  t o t a l  energy used on board. 

I t  i s  f o r  t h i s  reason t h a t  a p r i o r i  t h e  f o u r  s o l u t i o n s  f o r  the  garments 
which w e  have o u t l i n e d  can be achieved on a s u r f a c e  ves se l .  

However, l e t  us  examine the  advantages and drawbacks posed by t h e  use 
of t hese  var ious  garments under a c t u a l  opera t iona l  condi t ions .  

C.E.P.S.M. Prototype Garment 

Whereas t h i s  garment i s  very we l l  adapted t o  submarine condi t ions ,  where 
it takes  advantage of  t h e  c i r c u l a t i o n  of co ld  g lyco la t ed  water  from on board 
t o  r ecoo l  t he  v e n t i l a t i o n  a i r  used,  it would n e c e s s i t a t e  an a d d i t i o n a l  
i n s t a l l a t i o n  on a s u r f a c e  ves se l ,  f o r  which f ac t  we m u s t  r e j e c t  i t .  

I t  seems more l o g i c a l  t o  think i n  terms o f  us ing  e i t h e r  a garment v e n t i -  
l a t e d  through compressed a i r  from on board, such as the  REMCO and CO.MA.SAC 
garments, o r  by an independent system such as t h e  FRIGIVEST. I t  i s  t h e r e f o r e  
toward t h e s e  l a t t e r  s o l u t i o n s  t h a t  w e  turned our  a t t e n t i o n .  

Experimentation i n  c l imate  chambers has  shown us t h a t  none of t he  t h r e e  
fo l lowing  garments i s  e n t i r e l y  s a t i s f a c t o r y .  Under t h e  condi t ions which w e  
used, they  almost always brought i n t o  play t h e  phys io log ica l  mechanism o f  
temperature  con t ro l  : suda t ion ,  and increase  i n  p u l s e .  The temperature w i t h i n  
these  garments i s  t h e r e f o r e  above 32-35. The fol lowing improvements are thus  
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requi red :  a decrease i n  the  v e n t i l a t i o n  a i r  temperature ,  an i n c r e a s e  i n  t h e  
flow, and be t t e r  d i s t r i b u t i o n  of  t h e  a i r  wi th in  t h e  garment. 

A t  t h e  p re sen t  l e v e l  of our experimentat ion,  i t  i s  e s p e c i a l l y  i n  terms 
of t h e  p r a c t i c a l  aspec ts  of  on-board use  t h a t  w e  can make proposa ls  f o r  
f u t u r e  experimentat ion.  

The FRIGIVEST Garment 

The b a s i c  advantage of  t h i s  garment i s  i t s  independence, which makes i t  
i d e a l  f o r  shor t - te rm use. In  fac t ,  the cold source  i s  w i t h i n  t h e  garment and 
t h e r e  i s  no cable  o r  tube t o  connect i t  t o  an e x t e r n a l  i n s t a l l a t i o n .  

I t  i s  easy t o  pu t  on. I t  is f o r  t h i s  reason t h a t  w e  experimented wi th  
it on board t h e  Gal i ssonniere ,  going through a l l  t h e  motions of  a d j u s t i n g  
valves  and t h e  s u b j e c t ' s  movements were always made e a s i l y  i n  both t h e  b o i l e r  
room and engine room. 

However, under the  ope ra t iona l  condi t ions a t  the  zero s a f e t y  l e v e l ,  t he  
cold-mixture con ta ine r  must be changed every h a l f  hour.  This t h e r e f o r e  - 148 
r equ i r e s  a s u b s t a n t i a l  s t o c k p i l e  of  conta iners :  48 f o r  one h a l f  hour  a t  the  
z e r o  l e v e l  and 96 al lowing f o r  the  p o s s i b i l i t y  of  a second zero l e v e l  less 
than  e i g h t  hours af ter  t h e  f i r s t .  These conta iners  must be s t o r e d  i n  an area 
a t  -18OC and ou t s ide  t h e  engine room, and every h a l f  hour  an a d d i t i o n a l  man 
must e n t e r  t he  compartment t o  make t h e  change. 

On t h e  o the r  hand, i n  t h i s  garment as  i n  t h e  o t h e r  t h r e e ,  t h e  s u b j e c t  
cannot communicate with the  o u t s i d e  and m u s t  add a microphone p laced  i n s i d e  
t h e  hood and t i e d  by a telephone cable .  
garment is  t h e r e f o r e  s u b s t a n t i a l l y  reduced under t h e s e  cond i t ions .  

The advantage o f  independence i n  t h i s  

Other  Drawbacks 

The 6.600 kg weight of t h e  con ta ine r -ca r r i e r  i s  bothersome on t h e  shoulders  
fo r  a p e r i o d  of an hour and a h a l f .  

V e n t i l a t i o n  i s  poorly d i s t r i b u t e d ,  with only one ches t  o u t l e t .  

This garment cannot be used i n  t h e  b o i l e r  room. We have i n  fac t  s a i d  t h a t  
t h i s  area may be contaminated through rad ioac t ive  waste, and i n  the  FRIGIVEST 
t h e  o u t s i d e  a i r  e n t e r s  t h e  lower p a r t  of t h e  s l e e v e  and the  pan t s .  I t  i s  
t h e r e f o r e  abso lu te ly  necessary t h a t  w e  have a garment v e n t i l a t e d  wi th  a i r  
under s l i g h t  overpressure.  

In  summary, t h i s  i s  an independent garment, bu t  should be reserved  f o r  
sho r t - t e rm use,  which i s  not  t h e  case a t  t h e  zero l e v e l .  

The REMCO Garment 

The basic  advantage l ies  i n  the  f a c t  t h a t  t he  o r i g i n a l  cold-product ion 
system is l i g h t ,  s t rong  and e f f i c i e n t ,  s ince  it lowers t h e  temperature  from 
5OoC. 
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. I  

I t  i s  easy t o  p u t  on. 

The material i s  s t rong .  

Movements a r e  easy with i t  on, and the  small c ros s - sec t ion  of  the  feed  
tube is  n o t  bothersome. 

Drawbacks 

The pro to type  garment i s  cumbersome and does n o t  p r o t e c t  t h e  legs .  

The no i se  c r e a t e d  by the  co ld  genera tor  i s  bothersome during a pe r iod  
of  an hour and a h a l f .  The a i r  d i s t r i b u t i o n  from t h e  hood i s  n o t  even, 
p a r t i c u l a r l y  around the  arms. 

However, t he  garment 's  shape can be improved and a n o i s e  a t t e n u a t o r  i s  
planned f o r  l a t e r  garments ( a n t i c i p a t e d  l e v e l :  50 d e c i b e l s ) .  

I n  a d d i t i o n ,  t he  lack  of  freedom crea ted  by t h e  ex i s t ence  of t h e  f eed  
tube  may be  e l imina ted  i f  a i r  i n t akes  are  i n s t a l l e d  i n  t h e  compartment where 
t h e  wearer could hookup r a p i d l y  as he moves around. 

Under our  experimental  condi t ions ,  we in t roduced  a i r  i n t o  t h e  co ld  micro- /49 - 
genera tor  a t  55", t h e  temperature  i n  the  compartment i n  which t h e  a i r  would 
have t o  be  s t o r e d .  The t echn ica l  usage condi t ions  were modified when t h e  
phys io log ica l  experimentat ion was over:  it w i l l  be p o s s i b l e  t o  t ake  a i r  from 
the  gene ra l  on-board compressed-air  c i r c u i t  whose temperature  does no t  exceed 
30-35'C. 
tes ts  should  be  resumed now. 

The garment w i l l  thereby be  improved even more, and a series o f  

The CO.MA.SEC Garment 

I t s  b a s i c  advantage i s  t h e  exce l l en t  v e n t i l a t i o n  a i r  d i s t r i b u t i o n  through 
the  system of  mul t ip l e  tubes ,  which o f f e r s  s u b s t a n t i a l  comfort. 

The garment i s  supple  and movements are thus  very  easy.  

I n  p u t t i n g  the  garment on, t h e r e  i s  t h e  inconvenience o f  having two 
success ive  garments t o  g e t  i n t o .  

The f e e d  tube ,  l a r g e r  than t h e  one f o r  t h e  REMCO garment, i s  bothersome 
during movement. 

A major drawback i s  the c o o l - a i r  feed, because it has no independent 
However, now t h a t  we can use t h e  on-board compressed a i r  cool ing system. 

system and no longer  a s i n g l e  a i r  source i n  t h e  machinery compartment, it i s  
p o s s i b l e  t h a t  through success ive  expansion we w i l l  achieve a s u f f i c i e n t  drop 
i n  the  a i r  t o  f eed  the  CO.MA.SEC garment d i r e c t l y .  This i s  an experiment which 
we have y e t  t o  make. 
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Con c l u s  ion  

For t h e  condi t ions  a t  t h e  zero l eve l  i n  a s u r f a c e  v e s s e l ,  w e  a r e  p lanning  
t o  use two types of garment: t he  REMCO and t h e  CO.MA.SEC. 

Ne i the r  i s  e n t i r e l y  s a t i s f a c t o r y  on the  phys io log ica l  p l ane ,  b u t  t h e  
drawbacks are acceptab le  because o f  t h e  s h o r t  time and t h e  excep t iona l  
condi t ions  when the  garment i s  used. 

Each garment has i t s  own advantages and disadvantages from t h e  t e c h n i c a l  
viewpoint and a t  t h e  p r e s e n t  s t a t e  of  our experimentat ion it i s  impossible  t o  
make a d e f i n i t e  choice.  I n  fac t ,  t h e  experimental  t e c h n i c a l  condi t ions  have 
not  pe rmi t t ed  us t o  f eed  t h e  var ious  garments i d e n t i c a l l y ,  s o  t h a t  i t  i s  n o t  
a ques t ion  of  making a va lue  judgment. 
remains f o r  us t o  accomplish wi th  each garment i n  o r d e r  t o  improve i t .  
even l o g i c a l  t o  combine t h e  advantages of one process  wi th  those  of another ,  
such as: a co ld  source which conta ins  an a i r - c i r c u l a t i o n  tube feeding  a 
v e n t i  1 a t e d  undergarment which g ives  exce l l en t  a i r  d i s t r i b u t i o n .  

We have i n d i c a t e d  t h e  work which 
I t  i s  
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